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Materials and Methods
Talen and genomic editing Talen construct targeting sequence CCAGCCTCTTTATGCACT (left Talen) and GGACACATAGCCCCT (right Talen) in TH gene was generated using Golden Gate Talen Assembly according to its protocol. RNA isolation and cDNA production At days 0, 11, 25 and 50, TH+ cells (only at day 25 and 50) were purified by FACS, centrifuged and resuspended in 600 ml RLT buffer (Qiagen) for RNA extraction. Total RNA was extracted via the RNeasy system (Qiagen) from three independently isolated samples from each of the three different differentitaion. cDNA was generated from 3 µg of total RNA using 250 ng of random hexamers under standard conditions with MLV reverse transcriptase (Promega). PCR was performed with 50 ng of the first strand cDNA reaction.
Transfection of H9 ES cells

FACS sorting
On day 25 of differentiation remove medium, wash the cells once with 1x PBS in the dish and add 12 ml accutase. Incubate the cells for 20 min at 37 °C. Using a cell lifter, detach the cells from the surface and let them float. Pipette the cells into suspension using a 5-ml pipette, transfer them to a 50 ml tube and add 30 ml of 1x PBS. Spin the cells for 5 min at 114 x g. Using a P1000 pipette, resuspend the cells in 1 ml of 2% FBS/HBSS (the HBSS contains 15 mM HEPES). Add 19 ml of 2% FBS/HBSS and filter the cells through a 40 μm cell strainer to ensure a single cell suspension. Count cells and spin the cells down and resuspend them at the concentration of 10 million cells/ml in 2% FBS/HBSS. Wash the cells in 10 ml 1x PBS twice, resuspend 10 million cells in 500 μl of 2% FBS/HBSS containing DAPI (at 0.5 ng/μl). A sample of non TH reporter H9 ES cell derived DA neurons was used as negative control to draw gates.
LUHMES cells and its transfection and differentiation
LUHMES cells were grown at 37°C in a humidified 95% air, 5% CO2 atmosphere. Proliferating cells were enzymatically dissociated with trypsin and passaged 1:6 when they reached 90% confluency. For differentiation, 2 × 10 6 LUHMES were seeded into a 10cm plate in proliferation medium (DMEM/F12, 1× N-2 supplement, 2 mM L-glutamine, Pen/strep, and 40 ng/mL recombinant basic fibroblast growth factor), and differentiation was started after 24 h, in differentiation medium (DMEM/F12, 1× N-2 supplement, 2 mM L-glutamine, Pen/strep, 1 mM dibutyryl cAMP (Sigma-Aldrich), 1 μg/mL tetracycline (Sigma-Aldrich) and 2 ng/mL recombinant human GDNF (R&D)). After 2 days of differentiation, cells were trypsinized and seeded into poly-l-ornithine/fibronectin precoated multi-well plates at a cell density of 1.5 × 10 5 cells/cm 2 . Then cells were differentiated until day 7 for luciferase assay. Transfection of LUHMES cells were performed with GeneIn transfection reagent from MTIGlobalStem per its manuscript.
Luciferase assay for enhancer activity
Enhancer sequences were generated by PCR of human genomic DNA (Chromosomal coordinates as shown in supplemental Figure S3C ) discovered for gene GBA, TH and SNCA, then cloned into pGL4.28 (Promega) with restricted enzymes KpnI and BmtI (NEB). The minimal promoter pGL4.28 is used as negative control. Luciferase activity was measured using dual-luciferase reporter assay system (Promega) as described in the manufacturer's Manu.
Nissl staining for rat brain slice
Briefly, rat brain slices were mounted onto positive charged plus slides, air-dried and incubated in 1:1 alcohol/chloroform overnight for de-fat process. The next day, slides were rehydrated through 100% and 95 % alcohol to distilled water. Then slides were stained in 0.1% cresyl violet solution for 5-10 minutes at 37 degree.
After rinsing quickly in distilled water, slides were differentiated in 95% ethyl alcohol for 10 minutes, dehydrated in 100% alcohol 2x5 min.at last, slides were cleared in xylene 2x5 min.
Genomic PCR
Genomic DNA was extracted using ZR Genomic DNA II kit (Zymo Research Corp.) according to the manufacturer's instructions. Genomic PCR was performed with GoTaq® Green Master Mix (Promega).
Gene expression analysis by QPCR
Total RNA for QPCR was extracted from cells using the RNeasy Plus Mini Kit (Qiagen) and 2ug RNA was reverse transcribed using the SuperScript® III First-Strand Synthesis System. QPCR was done in triplicate using the Power SYBR® Green PCR Master Mix (both from Life Technologies) with the data normalized to GAPDH. Data shown are representative of at least 3 independent experiments.
RNA isolation, library preparation, sequencing, differential expression analysis and gene ontology analysis Total RNA was extracted using Acruturus PicoPure RNA Isolation Kit (Life Technologies). RNA quality was determined with Bioanalyzer 2100 (Aglilent). Sequencing libraries were constructed by SMARTer universal low input RNA Kit (Clonetech) according to the manufacturer's instructions. DNA library samples were submitted to the Stanford Genomics Facility and 100-base paired-end high throughput sequencing was performed. All sequenced libraries were mapped to the human genome using TopHat and Cufflink (Trapnell et al., 2009; Trapnell et al., 2010) with default parameter setup. Differential expression was analyzed using StrandNGS (AvadisNGS). Gene ontology analysis was performed using StrandNGS (AvadisNGS).
GSEA analysis
GSEA analysis was performed using GSEA program (Board Institute) as described previously (Subramanian et al., 2005) . Genesets used in the study are downloaded from Molecular Signature Database (MSigDB), which are: KEGG_PARKINSONS_DISEASE, LEIN_MIDBRAIN_MARKERS, REACTOME_DOPAMINE_NEUROTRANSMITTER_RELEASE_CYCLE and NEUROGENESIS.
In vivo transplantation
Female nude rats (> 5 weeks old, 150 ~ 200 g) are anesthetized in a knockdown box using isoflurane. Buprenorphine (0.05 mg/kg) is injected subcutaneously to minimize post-operative discomfort. Once they are in deep anesthesia the heads are shaved and the animals are immobilized in a stereotaxic apparatus using intra-aural positioning studs and tooth bar to maintain an immobile skull. A midline scalp incision is made and the scalp is retracted using hemostats attached to the periosteum. A small craniotomy (2-3mm) over the region of interest is made using a dental drill. 3 μl of cells (100k/ul) are injected into caudate-putamen using a 10 μl syringe and 26-gauge metal needle (World Precision Instruments Inc.) at a 150 nl/min flow rate driven by a micro-syringe pump controller. One of two coordinates are used for injection: (1) AP: +0.5 mm, ML: +3.0 mm right hemisphere, DV: -5.0 mm and (2) AP: +0.5mm, ML: +3.0mm right hemisphere, DV: -5.5 mm. Upon completion of injection, the syringe needle is left in place for 10 additional minutes before being slowly withdrawn. Afterwards, the syringe is removed slowly, at a rate of 0.5mm/min. The incision is sealed by tissue glue. Animals are then kept on a heating pad until recovery from anesthesia. To prevent infection, Neo Predef Tetracaine Antibiotic powder is applied immediately following the procedure and as necessary until the wound heals. Post-op buprenorphine is administered every 12 hours for 48 hours to alleviate pain during recovery. Cyclosporine (10 mg/kg) is injected daily after transplantation for 5 weeks and every other day for 2 additional weeks to prevent transplant rejection.
Immunofluorescence
Cells at desired time points or brain tissue sections were fixed with 4% paraformaldehyde at room temperature for 20 minutes, permeabilized with 0.3% Triton X-100 in PBS (PBST) for 10 minutes, and blocked for 45 minutes at room temperature in PBST containing 3% normal donkey serum (Jackson ImmunoResearch Laboratories). Primary antibodies were diluted in blocking solution and incubated at 4 degree overnight. Appropriate Alexa Fluor 488, 594 or 647-conjugated secondary antibodies (Jackson ImmunoResearch Laboratories) were diluted in PBS containing 0.1% bovine serum albumin (BSA) and incubated at room temperature for 1 hour. Finally, 1 μg/mL DAPI was used for nuclear staining. Primary antibodies used in this study are listed in supplemental Table S4 .
GREAT analysis
Gene ontology analysis was performed using the Genomic Regions Enrichment of Annotations Tool (GREAT), with default parameters (McLean et al., 2010) . For Stringent analysis, we set-up the gene association rule to associate TSS only in 15KB distance.
Motif analysis
Motif analysis was performed using MEME-ChIP suite with default parameters (Bailey et al., 2011) . For SpaMo analysis, flanking 150 bp region are set for scanning secondary motifs (Whitington et al., 2011) .
Flow cytometry analysis
The differentiated DA neurons were dissociated into single cells with accutase, passed through the 70uM strainers (BD Biosciences), and then analyzed for tagRFP-T expression using the BD FACSAriaII cell sorter. Data were processed with the FlowJo software. 
